In this work, physical phenomena related to the growth and phase formation of alumina powder are investigated by experiments and computer calculations. The specimens were formed by slip casting technique. These specimens were fired at various temperatures (500, 1100 and 1600) °C. Alumina samples with different dopant percentages were prepared to study their various physical and mechanical properties. Before casting, slurries with (60 wt. %) solid content and different percentages of dopant additions were prepared. The dopant used here is kaolinite with (0, 5, 10 and 15) percentage addition, where kaolinite is one of many types of raw materials that have plasticity and advantage of securing. Sodium carboxymethylcellulose (Na-CMC) solution was used as dispersant. The stability of the slip clearly depends on the percentage of dispersant added and the best ratio is found to be (0.33 ml) for each gram of solids. Kaolinite percentage increase leads to decreasing the porosity and water absorption but it leads to increase density, thermal conductivity and all the mechanical properties.
Slip casting is an old and traditional process which comprises casting a slip (slurry) of particles such as ceramic particles, metallic particles, etc. which can be used as long as they are insoluble in solvent, and in particularly a method suitable for forming a cast article of high quality complex shaped bodies [2] .
The common casting methods involve drain casting and solid casting; hollow bodies such as crucibles are prepared by drain casting whereas non hollow bodies are prepared by solid casting. Casting process begins by filling a mould with ceramic slurry having a pourable consistency. These common casting methods are based on colloidal system in which removal of the liquid is used to consolidate particles suspended in slurry. In slip casting consolidation of particles is accomplished as the liquid flows through a porous medium under a pressure gradient [3] .
Aluminum oxide (alumina; Al 2 O 3 ) has advantages such as its thermal, chemical, and physical properties when compared with several ceramics materials, and is widely used for firebricks, abrasives and integrated circuit (IC) packages [2, 4] .
By slip casting alumina can be used as parts for high temperature operated instruments, furnace parts, turbine and boiler parts, machine parts and gears also surgical and medical parts [5] .
Experimental Procedure:
For the preparation of samples through slip casting: fine powders were used 
1-Materials:
The starting materials used for this work were a commercial micro Gamma Alumina powder (γ -Al 2 O 3 ) German origin, prepared by Merck Company with mean particle size (10 μm) and Purity (99.99 %).
The dopant that used here was Kaolinite micro powder (Al 2 Si 2 O 5 (OH) 4 ), prepared by (LTD Chemicals Dearborn) Company with mean particle size (20 μm).
2-Mould making:
The plaster moulds were prepared using water and Plaster of Paris in the ratio (3:4) , and then the prepared mixture was slowly poured into the hollow cubical box to a certain predefined height. The body is kept for air drying for about (2 h). After (2 h) the body is removed from the wood box and kept for air drying for (24 h).
Then the mould was kept in drier at (60 to 70) o C for complete removal of water deposited at the pores figure (2).
Figure (2): Mould preparation (A) and the mould prepared for a bar sample (B).

3-Optimization of the Slurry:
Optimization of the slip is necessary as it controls the stability, viscosity and many other casting phenomenon such as casing rates, defects generated during casting process and many more. The slurry is optimized by studying its properties so as to get a slip which is stable i.e. the suspended particles do not agglomerate or do not settle with changing time. The slip obtained by preparing samples with different dispersants and different percentage of dispersant. It was found experimentally that (Na-CMC) is the most prefer dispersant at the value of (0.33 ml) for each gram of powder, when the density of (Na-CMC) solution is (1.17 g/cm 3 ).The alumina -kaolinite slurries solid content chosen to be (60 wt. %), three different weight percentages of kaolinite to alumina ((5, 10 and 15) wt. %) was used.
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4-Casting, Drying and Firing:
Once the slip is prepared, it is casted in the plaster moulds. The casting method that was used here is both the solid casting and the drain casting methods.
After casting the body, the casted body was kept away from an air draft or under direct sunlight to dry at room temperature. After (24 h) the mould is tapped slowly so as to remove the casted bodies.
The casted body is kept for air drying either under direct sunlight or at room temperature depending on the initial strength of the body. Then the sample is transferred to oven (made by (JRAD) company) for oven drying which is kept at about (60 o C) for (24 h). So overall the drying process takes near about (2-3) days.
After the bodies have dried up they are brought into shape by polishing their surfaces using a sand paper. Now the sample is ready to be fired.
5-Firing Program:
The samples were fired in an English origin furnace made by (carbolite) company in three steps figure (3) [4]:
a) The first step: Temperature rising from the room temperature with a temperature raising speed of (10 °C/min) and settled at (500 °C) for (2 hours).
b) The second step: Temperature rising with raising speed of (10 °C/min) from (500 °C) and settled at (1100 °C) for (2 hours).
c) The third step: Temperature rising from (1100 °C) with raising speed of (6 °C/min) and settled at (1600 °C) for (2 hours). Lower density of addition materials leading to decreasing the density of specimen. But here in the case of (alumina -kaolinite) slip casting the contrary was occurred, and that is a normal situation because of tow main reasons; the first is the low percentage addition of kaolinite (5 -15)%, and the second is the effect of casting rate which increase by the increasing of kaolinite ratio because of the plastic property of clay, and that lead to increase the density because of the high reduction of porosity during forming process [12, 13, 14] . Therefor the density is increasing with increasing of kaolinite and that is clear in figure (4) and this result consistent with the study [5] which shows the relation between physical properties and casting rate. Figure (5) and (6) shows the decreases of porosity and water absorption respectively with kaolin additions for the same cause. 
b-Thermal Conductivity:
Thermal conductivity of alumina samples, naturally, decreases with clay additions [7] . But here the thermal conductivity increases with kaolinite additions, the main cause is the increase in kaolinite ratio leads to decrease in the porosity and consequently increase in thermal conductivity figure (7) and this result consistent with the stadies [7, 5] wich show the theremal Conductivity as function of physical properties. 
c-Compressive Strength:
The compressive strength increase with increasing kaolinite content figure (8) .
This This increase begins with comparatively large value (at 5% addition) then increases in kaolinite addition leads to increase in the strength of ceramic products, because of the bigger amount of glass phase and higher density at the highr percentage of kaolinite [15, 16] and this result consistent with the stady [17] wich shows the michanical properties as function of physical properties. 
Conclusions:
The high values of porosity and low values of thermal conductivity of all samples make a possibility of using them in the thermal insulation, filters, light blocks and furnaces lining. Among many dispersants available here the (Na-CMC) act as a good dispersant and binder. The Kaolinite acts as a binder for the alumina particles.
The Kaolinite has lower density than alumina but it has plastic properties which lead to decrease the casting rate which lead to increase the density of the samples.
The mixing process of powders and water is very important because the powders uniform dispersion has a great effect on the strength of porous ceramic.
